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' ■ IN THE LANGLEY FREE -FLIGHT TUNNEL ' 

By John W. Paulson and Joseph L . Johnson 

SUMMARY 


. At the . request of the Air Materiel Coamatid, Army Air Forces an 
investigation of the low-speed, power-off stability and control 
, characteristics of the McDonnell XP-85 airplane is '116103 .conducted 
in the : Langley free-flight tunnel. The' XP-85 airplane, is a,. jet 
propelled, parasite fighter with 3^° eweepbacfc- at the wing .quarter 
chord. It was designed to be carried in a bomb bay of. the. h -36 air- 
plane. The first portion of the investigation consists "of "a prolimi- 
hary'- evaluation of ' the stability -and control, characteristics of the 

airplane’ jftfpm fo£de ^d /flight tests of an unballasted -^-scale model. 

The 'second portion of the Investigation consists; of tests of a 

properly ballasted -scale model which will include a - -study of the 

1 ' - , ; 10 .' ■ . 

stability of' idle XP-85 -when attached to the trapeze for retraction 
into* the B-36 bomb bay. The results of the preliminary tests with 

the-— -scale model are presented herein. This portion of the investi- 
gation included- tests of the model /with various center fin arrangements. 
Both. the design nose flap and a stall control vane were Investigated. 

p ’ ' ■ - * ‘ - . r t. “ ■ ‘ * , 

The results' of - the ■ investigation showed that the original 
configuration was longitudinally stable up to C E = 0.6. At higher 

lift coefficients, idle model showed evidence of an unstable nosing-up 
tendency accompanied by a violent roll-off. The use of a stall 
control vane to provide a stable pitching-moment curve gave good 
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longitudinal stability characteristics in flight ovtff the lift 
coefficient range and eliminated the violent roll-off. The 
lateral stability and control characteristics were considered to 
be generally satisfactory for all conditions tested and the rolling 
and yawing motions were well danrpod. 


INTRODUCTION 


An investigation of the low -speed, power-off stability and 
Control characteristics of the MoDonnell XF-85 airplane is being 
conducted in the Langley free -flight tunnel at the request of the 
Air Materiel Command, Army Air Forces - Mm first portion of the 
investigation consists of a preliminary evaluation of the stability 

and control characteristics from tests of a -scale model. This 

5 

.relatively large scale model was used in the first tests to obtain 
more reliable aerodynamic data and to permit easier flight testing. 
Since the large size of this' model made it impossible to duplicate 
the scaled -down, wing loading, no ballasting of the model was done 
except that required for getting the desired center -of -gravity 


location. In the second portion of the investigation a ^L-scale 


model with the correct scaled-down wing loading and moments of 
inertia will be flown to ascertain the effects of the increased mass 
on stability and control, characteristics. This model will also be 
used to study the stability of the XP-85 when attached to the trapeze 
for retraction into the B-36 bomb bay . The results of the tests of 
the -scale model fire presented herein. 


The XP-85 is a Jet propelled, parasite fighter designed to b* 
carried in the forward bomb bay of the B-36. The wing has an angle 
of swoepback of 3k 0 at tho quarter chord, an aspect ratio of k .4 and 
a taper ratio of 0.33* In the oombat area when the need for fighter 
escort arises, the XP-85 is lowered from the B-36 on a trapeze 
arrangement and released. When further fighter protection Is not 
required the XP-85 returns to the mother ship and is secured to 
the trapeze. The wings are then folded upward and the XP-85 is 
drawn up into the bomb bay. 


The present investigation included force and flight tests of 
the -^-scale model without power with various center fin arrangements. 

The model was also tested with the design nose flap and with a stall 
control vane. 
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The term original configuration" as lised in this report will 
refer to the model with -4° wi n g dihedral, five tail units including 
the design center fin and without nose flap or stall control vane. 


SYMBOLS 


S wing area, square feet 

c mean aerodynamic chord, feet 

b ■ wing span, feet 1 : 

q dynamic pressure, pounds per square foot 
p air density, slugs per cubic foot 

m mass density, slugs per cubic foot 


relative desnity factor 


(pSb) 


a, 

(3 

V 

Cl 


"m 


■'n 


angle of attack of fuselage center line, degrees 
angle of sideslip, degrees 
angle of yaw, degrees 
lift coefficient 


f Lif t\ 

V «S ) 

/ Drag'S 

\ « ) 

,ohing -moment coefficient i momerL j^ 

, n t ' p CavJ - n g moment | 

\ qSb / 


drag coefficient 
pit 


yawing -moment coefficient 


Cawing moment 
qSb 

rolling -moment ■ Coefficient /^3SBJSS^[ 

‘ - V : qSb / 



k 
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Se 

o a 

% 


lateral -force coefficient ■" 

tail incidence, degrees 
elevator def lection, degrees 
aileron deflection, degrees 1 

nose flap deflection, degrees 

j r /» , . ... ... 

sate of change of lateral -force coefficientwith angle 1 
of sideslip, per degree 





rate of change of yawing -mcanent coefficient with angle 

of sideslip, per degree ( — 

\& 3 / 



rata of change of rolling -moment coefficient with angle 


of. sideslip, per degree 



Subcripts : 

U upper 
X, lower 
R right 
t tail 




APPARATUS 
•' Wind Tunnel • 


The investigation was ''made in- the Langley ^free -flight tunnel 
which is designed to test free -flying dynamic models. A complete 
description of the tunnel and its operation is given in reference 1. 
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The ' force ■ tps/ts to ; determine the aerodynamic characteristics of 
the model were made on -the ■ free -flight tunne^ six component balance 
which is described in reference 2 . This balance rotates in yaw’ with 
’the model so that all forces.. and moments are measured .with, respect 
to the stability axes. The stability axes are a system of' axes in 
which the Z-axis is in the plane of symmetry, perpendicular to the 
relative wind, and directed downward; the 2 -axis is in -the plane of 
symmetry perpendicular to the - Z-axis and directel forward; and -the 
Y-axis is perpendicular to the plane of symmetry and directed to 
the right. A sketch showing the positive directions ©f the forces 
and moments is given in figure 1 . 


■ - - r - Model . ‘ . 

T -*• ' : ‘ ' 

1 The --scale, model used in the investigation was constructed at 

ihe Langley Laboratory. A three -view drawing of *he model is 
presented in figure 2 and photographs of the model are given in 
figures 3, **•, and 5 . Table I gives the dimensional and mass character- 
istics of the full-scale design and scaled-Up dimenaional and mass 
characteristics of -the model. With' 'this large model it weis -hot 
possible to obtain duplication of. the.' pealed -down weight end radii - 
of -gyration characteristics because- the maximum .airspeed of the 
tunnel 16 too low to fly the model .with the scaled-down wing loading. 

In the tests' of the ^p-scale model, however, the proper .weight and 
radii -of -gyration will be represented. 

• 1 1 

The wing of the model had a modified Rhode St. Genesa 35 airfoil 
section. The .substitution .of - tpis section for. that specified for the 
full-scale design. .(MCA $ 5 - 010 ) was in accprdaiice with the JE^ee -flight 
■.trunnel .practice of- using lov-sc.ale high -lift airfoils to obtain a 
.maximum lift coefficient in. the iow-s 9 ale tests more nearly equal to 
that of -the full-scale; design than is possible with the design ‘airfoil. 
Because of. .the. large amount of camber in the airfoil section the 
trailing edge of the wing was. reflexed'. upward so as to give about the 
same basic pitching moment at zero lift 'as" the airplane with the 
design airfoil, and the wing was set at - 1 ° incidence so that zero 
lift would be obtained at approximately the same angle of attack as for 
the airplane. The model had been completed before the latest design 
c h a ng es were received and therefore the' wing is farther aft than is 
now specified on the full-scale design and has 0 ° washout instead 
of 5°* (See table -I.) _ tf; . 

- ~ The three different . center fin ~c onf igura ti qns Used on the model 
(fig. 2 ) were as follows: ( 1 ) design center fin, ’^ 2 ) center fin 

twice the area of the design fin, and ( 3 ) 0 enter fin off. 
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For some of the tests the design, nose flap, deflected 
downward 30°, was installed on the model (see fig. 2). A stall 
control vane was also placed on the upper surface of the wing at 
half the eersispan and parallel to the plane of symmetry for a few 
tests. (See fig. 2.) 


3ES2B 

r 

Force Tests 

Force tests were made to determine the static stability 
characteristics of the model in its original configuration and also 
with the large center fin installed and with the center fin removed. 
A few tests were made with the design nose flap installed and with 
the stall control vane attached. Aileron effectiveness tests were 
made at a =■ 0°, 32°, and 20°. All force tests were run at a 
dynamic pressure of 3-0 pounds per square foot, which corresponds 
to an airspeed of about 3k miles per hour at standard sea’- level 
conditions end to a test Reynolds number of 302,000 based cm the 
mean aerodynamic chord of 1.Q3 feet. 

All forces and moments for the free -flight -tunnel model, are 
referred tothe stability axes originating at a center -of -gravity 
position 'of 26-7 percent dP the mean aerodynamic chord and 0.05 mean 
aerodynamic chord above the thrust line unless otherwise specified. 


Fli^xt Tests 

' -V ‘ - - 

Flight tests were made to determine the general flying 
characteristics of the model over a speed range corresponding to 
a range of lift coefficients from O.ko to 0.8B at a center -of -gravity- 
position: of 22. k percent of the mean aerodynamic chord. The model was 
flown over the speed range with each of the tail arrengoments that- 
was force tested. No flights were attempted with the design nose 
flaps instated but flight tests were made with the stall control 
vane installed. • 


RESULTS AND DISCUSSION 

* i t ' 

, . \ 

Force tests .- The results of the force tests made to determine 
the longitudinal stability characteristics of the free -flight -tunnel 
model ere presented in figure 6. . Unpublished data from, higher speed 
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tests of a, ^-scale modal at -UWAL ^University of Washington Aeronautical 

Laboratory} and at r Wright Field afe also presented on this figure ' 

The UWAL and. Wright Field dataware obtained at dynamlo pressures 
of . 50-5 and 25. 5 °, respectively . She pitching -moments have heen . t 
- transferred. to 26.7 percent of the mean aerodynamic chord far *hoth 
sets of data. v • > . r - '■ ‘ 

f 1 , : • »; I ‘ _ -• r - £* • - . » , * 

- * ( • *■ ** » * * ' ■ • •• » » *,■** **’ 

The data of figure $ show that -Hie free -flight -tunnel model .had 
less static margin than the UWAL and Wright Field results indicate - 
• The freo -flight- tunnel .and Wright Field - , data show a reduction in static 
margin with; increasing -lift coefficient, indicating the presence of 
an unstable nosing -up tendency at the stall.- The UWAL test results, 
however, do not show this trend but indicate nearly constant 
stability up to the stall. The free -flight -tunnel data are also 
proeented for a center-of -gravity position of 22.4 percent mean 
aerodynamic chord which was the center-of-gravity position used in 
the flight teats to increase the static margin to approximately : , 
that shown by the Wright Field data. 

. Results .of the tests made with the design, nose flap deflected 
downward 30° are presented in figure 7 along with similar data from 
.UWAL and Wright Fiold. These results indicate that the nose flap 
was ineffective on the free -flight tunnel model while the corresponding 
data from UWAL end Wright Field showed that the flap resulted in an 
increase in stability at high lift coefficients. The ineffectiveness 
’of tho flap on the free-f light.. ‘model - "whs probably caused by. the . 
different airfoil section. ; ' ■ '* • : 

— : - • ■•.•.<> ■*: a ■ 1- . . ? . -.... ; 

.. -. The ’results of ‘further tests made using a stall control vahe - In 
-an - effort to obtain - a pitching -moment curve corresponding to 'that - of 
the. higher scale tests of UWAL and Wright Field with nose flaps are 
also presented in figure 7 * These results show that the use of the 
vari6 gave a - satisfactory pi tching -moment curve which -agreed very- well 
with that obtained with the nose flap in the higher scale tests. - 1 ■ 

■presented in figure 8 is the variation of .the lateral stability 
parameters/’ - Cy B , Cn R , and C? with lift coefficient for the ‘ * 

original configuration compared with- results . from. .UWAL and Wright- . 
Fiold. The. UWAL data have been transferred .tQ,gjS. 7 percent . of the 
mean aerodynamic chord which corresponds to the free -flight 7-fcunne.i ., 
data while the Wright Field data are presented about 24.2 percent 
of i the mean aerodynamic chord because no -lateral-force data -were 
available to :use in transferring these data. The result ;Q? figure 8 
. show that -the freo -flight- txmnel.-mpdel with, .tail on had .about the . 
same directional stability C n g . as the Wright Field model .and 
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somewhat more than the XJWAL data indicate. Fairly good agreement 
Is shown in the effective dihedral parameter Cr a although the 

free -flight-tunnel results show lower values throughout the lift 
range than either the UWAL or Wright Field results. The 1 
effective dihedral was partly caused by the geonatric dihedral 
of - 4 ° and partly by the large fuselage which force test results 
of the component parts had shown greatly reduced the positive effective 
dihedral of the Isolated wing. 

Presented in figure 9 are the results of teste made to determine 
the effect on the lateral stability characteristics of the various 
center vertical .tail arrangements used in the flight tests to vary 
the directional stability. , 

Figure. 10 shows the effect of the stall control vane on the 
lateral stability character is tics . It may be seen that the vane 
reduced.. both the directional stability and effective dihedral over 
the lift range. . 


The results of the lateral stability tests are summarized in 
figure 11 in the fora of a stability chart giving the effect of lift 
coefficient on C n ^ and with the stall control vane Installed 

and removed. 


In figure 12 the increments of directional stability for various 
tail configurations are presented. Theso results Indicate a large 
interference effect when the center fin is used in combination with 
the upper vee tail. For example, at 0^ = 0 the large center 
vertical gave » 0*0025 and the upper vee gave ^n^ * 0.00285; 

yet with both tails on ! the total is only 0.00375 indicating 

a large loss in .tail .effectiveness because of mutual interference 
effects,. . 


Presented in figure l8 are the results of the tests made to 
determine the aileron effectiveness with the model in the original 
configuration. These results show that the aileron effectiveness 
remained nearly constant between a » 0° and 12° but at 20° the 
effectiveness is reduced to about half and the yawing moment becomes 
adverse. .. 


Flight tosts .- The results of the flight tests indicated that 
the longitud in a l stability of the model in the original configuration 
was satisfactory only over the lift coefficient range up to « 0.60. 
At higher lift Coefficients, the model exhibited a nosing -up tendency 
associated with the reduction in stability shown, in the force tests . 
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At these lift coefficients it -was difficult to steady the model and 
considerable attention to elevator control was required. At the 
high lift coefficients the model often stalled and rolled violently 
off. on either ving> 

The flights made with the stall control vane on the wings gave 
no indication of the unstable nosing-^up tendency. The longitudinal 
stability remained nearly the same throughout the lift, range and only 
at lift . coefficients above 0 .8 was any difficulty in flying the 
model encountered . ' Even in these cases there was never a violent 
stall but only an occasional dropping of a wing which could usually 
be pickod up with the ailerons . 

The directional stability and effective' dihedral of the model 
in the original configuration were considered satisfactory ‘over the 
•lift range which could be covered before longitudinal, stability., 
difficulties Were encountered. There was, however, a slight increase 
in the tendency to yaw at the higher lift coefficients^ The. 
addition 1 of the large center fin -improved the' -flying- characteristics 
slightly by reducing the magnitude of the yawing motion. Removal 
of the center fin resulted in a small increase in the magnitude of 
the yawing motion over that of the original configuration but the 
stability was still considered to be fairly good. At no time- "during 
the flights was there any evidence of excessive positive effective 
dihedral and the lateral oscillations were well damped in all .-cases. 

The behavior of the model was satisfactory for all conditions 
with ailerons and rudders used together for lateral control or with 
ailerons used alone although the ailerons became somewhat sluggish 
at high lift coefficients and there was slightly more yawing with 
ailerons alono particularly when the oenter vertical tail was off. 

With the stall control vane on, the stability and control 
characteristics were good throughout the lift range although the 
aileron oontrol became somewhat sluggish at high lift coefficients 
as in the original configuration. This result and the data of 
figure 10 lead to the conclusion that the directional stability of 
the model In the original configuration would probably be satisfactory 
over tho lift range. 

There’ was no marked effect of lift coefficient on the lateral 
stability and control characteristics over the lift range tested 
although slightly more attention to aileron oontrol was required at 
low lift coefficients because of the small positive effective- 
dihedral. 
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•• • x COHCLTJBIONS' 

^ . ” V. . T ■ ,*. L : ■ 

The following conclusions were drawn from the results of the 
free -flight -tunnel stability and. control investigation of an 

thballas ted -^-scale’ model of the McDonnell IP -85 airplane : 

5 " 

' 1. In the original configtaration the model was found to be 
longitudinally stable up to » 0.6. At higher lift coefficients 

there was evidence of a nosing -up tendency which caused the model 
to stall violently and roll off on either wing. 


S. dfce use of a stall control vane on the wing to simulate 
the pitching moment characteristics obtained with the design nose 
flap in higher scale tests resulted in the model having satisfactory 
. longitudinal stability characteristics over'the entire lift range. 
With the stall control vane there was’, only a gentle stall; and a 
dropping wing could usually be picked up by aileron control. 


3 . • The lateral stability and control characteristics were 
considered to be generally satisfactory for all conditions tested 
and , the rolling and yawing -motions were well damped * There was no 
marked effect of lift .coefficient on the lateral stability.’ ■ 
characteristics, over :the lift range tested. Slightly more - attention 
to aileron control was required at the lower lift coefficients because 
of the small positive- effective dihedral, . and the aileron control 
was .somewhat sluggish near the stall. -• a.- 


Langley Memorial Aeronautical Laboratory ••• j *-w; •• •• *• ' ‘ r -‘- ■ 
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TABIE I.- DIMENSIOHAL AND MASS CHARACTERISTICS OF THE MCDONNELL XP-85 

AND SCALED-UP CHARACTERISTICS OF --SCALE MDDEL TESTED 

5 

IN LANGLEY EREB-FLIGET TUNNEL 


Scaled up Full scale 


Weight, lb I360 4777 

Relative density factor 

u, ifl/p3b 8.47 29.8 

Wing 

Area, sq. ft 100 100 

Span, ft 21 21 

Aspect ratio 4.4 4.4 

Sweepback, c/4, deg 34 34 

Incidence, deg ....... -1 1 

Dihedral, deg . -4 -4 

Taper ratio O.33 O.33 

Washout, deg . . . 0 5 

M.A .C • , ft . . . . , 5.16 5.16 

Location of M.A .C . behind leading 

edge root chord, ft 3*45 3*45 

Root chord, ft 7*15 7*15 

Tip chord, ft ............ 2.38 £.38 

Distance from nose to L.E. root 

chord, ft 2.19 I.78 

Wing loading, W/s, lb/sq ft 13.60 47.77 

Aileron 

Area, percent wing area, (one) .... 3 3 

Span, percent wing span, (one) .... 20 20 

Hinge location, percent chord .... 80 80 

Nose flap 

Area, percent wing area, (one) .... 2.1 2.1 

Span, percent wing span, (one) .... 19.I I9.I 

Chord, percent wing chord 15 15 

Tail 

Vertical fin (upper vee) 

True area, sq ft 8.32 8.32 

Upper vee (true) sq ft 20-40 ■ 20. 40 

(Horizontal projection) sq ft ... 14.40 14.40 

Lower vee (true) sq. ft 11. 67 11. 67 

(Horizontal projection) sq. ft ... 8.22 8.22 

Design vertical fin, sq. ft 7*15 7*15 

Enlarged vertical fin, sq. ft 14.10 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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TABIE I.- DIMENSIONAL AND MASS CHARACTERISTICS 
OF TEE MJDONNELL XP-85 AIRPLANE - Concluded 

Scaled up Full scalo 

Center -of -gravity location, 

percent M-A.C. 26.7(force 26-7 

tests ) 

22. 4(f light 
tests) 

Distance above thrust line, in ..... 0.6 3-1 

Percent M.A.C. 0.01 0.05 

Tail length (distance from L.E. root 
chord wing to c/4 root chord tail) 

Upper tailB, ft 9.14 9.53 

Lower tails, ft ............ 9.90 10. 30 

Moments of inertia 

l x , slug-ft£ 460 925 

I z , slug-£t s 1100 1736 

l y, elug-ft 2 850 1485 

Radius of gyration to wing span 

ISj/b 0.157 0.119 

k£/b 0.243 O.163 

k y /b 0.213 0.150 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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Figure 1. - System of stability axes. Arrows md/ 
cate pos/ //re directions of moments , forces } 
control - surface deflections . and //near and 
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Figure 3,~ Top view of | -scale model of the McDomiel XP-85 airplane tested in the 

Langley free -flight tunnel. 
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Figure 4„“ Three-quarter rear view of - -scale model of the McDonnell XP-85 airplane 

5 

with design center fin tested in the Langley free -flight tunnel. 
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Figiare 5»“ Rear view of --scale model of the McDonnell XP-85 airplane with design center 

5 fin tested in the Langley free -flight tunnel* 
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Fig. 6 
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Figure 7. -Lift, drag, and p/fch/rg- mower/ cf/aracfer/ef/ce off/?? 
nfeca/e rnoc/et of fte A/c Donnell XP-SS a/rptane tr/FA dos/an rose 
flap and/v/FP sfa// cor Fro/ rar/e Zested//? ffe/ang/eg free-f/g/F 
turret co/r pared rv/FF? unpuPt/sfed nose f/ap data from 
l/FVAL and PVr/gFF P/etd- C.& =£6- 7 percent A/AC., 
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Fig. 8 
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